Summary
O
NE hundred seventy-nine ewe lambs from a three-breed polyallel cross involving the Willamette, Suffolk and Hampshire breeds were used to study the genetic aspects of fertility. Ewe birth weight, ewe weight at mating and fertility were analyzed in relation to heterosis, general combining ability, maternal effect, reciprocal differences, and the effects of a hormone treatment. Treatment consisted of three injections of anterior pituitary extract 2 weeks apart beginning 7 weeks before the breeding period. One-half of the ewes from each breed group were treated, others were not. There was no significant difference in fertility of the treated and control ewes. In some cases, treatment adversely affected fertility, in particular in ewe lambs of the Suffolk breed. Willamette and Hampshire ewes were unaffected.
For ewe birth weight, heterotic effects approached significance (P~0.10) and accounted for 2.8% of the total variance in birth weight. Comparisons of reciprocal crossbreds with the mid-parent mean showed crossbreds 0.3 kg heavier at birth.
Heterosis, purebred differences and reciprocal differences were highly significant for ewe weight at mating. Maternal effect and general combining ability were significant. Crossbred ewes were 2.5 kg heavier than the purebreds. The genetic factors measured for ewe weight at mating accounted for over 62% of the total variance.
Ewe lambs treated with gonadotropins during the normal breeding season do not respond with the success that has been shown for mature ewes. Overall lambing percent was 71 based on the number of lambs born to 179
Introduction
Extensive research has been conducted on fertility of the mature ewe as influenced by the use of exogenous gonadotropins; however, very little has been done in this respect with ewe lambs. Bowstead (1930) reported that mating immature females may have deleterious effects on subsequent performance. Spencer et al. (1942) , Bowstead (1930) , and Briggs (1936) found that ewe lambs that conceive tend to be the larger and better developed ones. Terrill (1946 Terrill ( , 1962 showed that early lamb production is positively correlated with later performance, and Hulet, Wiggins and Ercanbrack (1969) found that lambs that exhibited estrus their first winter had a greater cumulative lamb production record than those that did not.
The present study was concerned with estimating the influence of heterosis, maternal effects, general combining ability and reciprocal differences on ewe lamb weights and fertility. Traits measured included birth weight, weight at mating, and fertility of ewe lambs. In addition, the effects of anterior pituitary extract treatments on fertility of ewe lambs were studied.
Materials and Methods
One-hundred-seventy-nine unselected ewe lambs from a three-breed polyallel cross involving the Wilhmette, Suffolk and Hampshire breeds were used. All rams and ewes used in the polyalle] cross were from the University closed-flock breeding flocks. Four rams of each breed were mated to ewes of the three breeds. The numbers in each of the nine breed-groups ranged from 13 to 32. All lambs were born during a 30-day lambing season. The Willamette was established by crossing Cheviot and Dorset rams onto Columbia ewes and then making reciprocal crosses of the crossbred lambs, to establish a population after which selection for performance (120-day weight and conformation and condition scores) under Western Oregon conditions was made in a closed-flock breeding program for approximately six generations. Each breedgroup, purebred and crossbred, contained an average of 20 ewe lambs. Ewe lambs were born in February and March 1970 and weaned at a weight of 45.4 kg or on July 1, whichever came first. One-half of the ewes from each of the nine breed-groups were randomly allotted to hormone treatment while the other half remained untreated. All ewes received 225 to 340 g of a mixture of wheat, barley and oats beginning in early July and continued through breeding. Otherwise, ewes were run on nonirrigated pastures of subclover, fescue and perennial ryegrass.
On 5 August, 1970, ewe lambs in the treatment group received 150 mg anterior pituitary extract (APE)4 in 2 ml physiological saline subcutaneously. On 21 August and 5 September, each treatment ewe received 200 mg APE via subcutaneous saline injection. The APE was biologically analyzed for LH activity prior to use and significant LH potency was found. Treated and control ewes were allowed to remain together throughout the treatment and breeding season. Group identification was by colored marking paint.
From i2 September through 14 October, all ewe lambs were hand mated. Each morning, they were confined in a small breeding pasture and teaser rams were turned in for about 2 hours. Continuous observation during this time was maintained and any ewe exhibiting estrus was removed and held for breeding by one of two Shropshire rams which were known to be fertile through past breeding records and semen evaluation. Hand mating was deemed necessary because the two available rams were insufficient for pasture mating 179 ewe lambs. Moreover, prior experience had shown that ewe lambs may fail to stand for servicing even though in estrus. On 15 October, the entire flock was randomly divided into two halves and a Shropshire ram fitted with a marking harness was run with each group until 4 November when the breeding season was terminated. Daily breeding records were kept. Yijthk is the performance of the k th individual from parents of the i th and jth lines, the h th type of breeding and the t th treatment (Harvey, 1960) . Variance components and their percentage contribution were calculated for each factor measured using the following formula:
o.2i= (a2e-~-K2ah) --~ K Variance components for all factors including the error term were added and the total was divided into each individual component to obtain their relative contributions.
Results and Discussion
Ewe Birth Weight. The analysis of variance, percentage contribution and least squares means for ewe birth weight (EBW) are shown in tables 1 and 3, respectively. Generally, factors analyzed had little or no effect on EBW. Ninety percent of the variation in EBW was relegated to error. Heterosis effects approached significance at P<0.10 and accounted for 2.8% of the variance. General combining ability and maternal effects were nonsignificant for EBW. Gaines et al. (1966) found some evidence for heterosis in birth weights of two-way beef breed crosses but little, if any, evidence of maternal influence, which is consistent with results reported here. Comparison of the reciprocal crossbreds with the mid-parent mean show crossbreds 0.27 kg heavier at birth. This agrees with results reported by Schilling, Bogart and Rowe (1968) and Humes (1969) . 
WEST, BOGART
Willamette and Suffolk ewe lambs were nearly equal in weight at birth with both being heavier than the Hampshire. General combining ability of the Willamettes was greater than either that of the Suffolk or Hampshire with Hampshire having the lowest general combining ability (table 3) . Maternal influence for ewe birth weight was most effective in the Hampshire and this was also true for the other factors studied.
Birth weight and subsequent preweaning growth of the lamb is influenced by the genetic potential of the lamb and the maternal influence of the dam. As much as 17% of the variance in birth weight of calves has been attributed to the dam (Brown and Galvez, 1969) . Knapp et al. (1942) found that differences between cows accounted for as much as 19% of the total variation in birth weight of their calves. Maternal effect only accounted for about 2% of the total variance in the present study.
With 93.3% of the total variance in EBW attributed to error, it is evident that: (1) Specific factors causing differences in birth weight were not measured, or (2) there was substantial environmental variation. The latter is considered to be the primary cause.
Ewe Weight at Mating. Ewe weights were taken on 5 August and 29 October, 1970. Ewe lambs in the control group gained an average of 5.1 kg in the period, whereas, ewes in the treatment group gained 4.4 kilograms. The difference may have been due to the extra handling of the treated ewes durin~ injections. Mean ewe weight at mating (EWM) for all ewes was 43.2 kg (table 3). Suffolk ewes were heaviest at 47.5 kg and Willamettes the lightest at 38.9 kg (P<0.01). The difference in purebreds accounts for 23% of the total variance in EWM. The pattern found for general combining ability and maternal effect in EBW is the same as that for EWM (table 1). Maternal effect was significant for EWM (P<0.05). Hampshires have the greatest maternal influence and were superior to the other two breeds for both pre-and postnatal growth of the ewe lamb.
Ewe weight at mating for the crossbred ewes was about 2.5 kg heavier than for the purebreds (P<0.025). This indicates sufficient genetic divergence between breeds to lead to significant heterosis. The reciprocal effect was highly significant (P<0.01) lending support to the presence of genetic diversity particularly since reciprocal effects were corrected for maternal influence.
AND HARTMANN
For EWM, the factors measured accounted for over 62% of the total variance. This was probably due to a more uniform environment following weaning of the lambs. This allowed a more accurate measure of the variation due to type of breeding, genetic potential and maternal effect.
Fertility. Fertility was measured on the objective criterion of whether a ewe gave birth to twins, a single lamb or was barren. There are intermediate expressions such as failure to 'implant' or early abortion but they are nearly impossible to detect. The most practical method is to analyze the results of the entire reproductive process. Overall lambing percent was 71% based on the number of lambs born to 179 ewe lambs as presented in table 3. Seventy-one percent is approximately 30% higher than lambing percents obtained for ewe lambs in preceding years at this station. Treatment effects were not significant. Evans, Dutt and Simpson (1962) and Hulet and Foote (1967) have shown that mature anestrous ewes can be induced into fertile estrus with gonadotropin treatment. Ewe lambs in the present study did not respond well even during the normal breeding season. However, the least squares mean for the treated group was over 4% higher than the mean for control ewes. The purebred x treatment interaction approached significance (P<0.10) due to an apparent adverse response of the Suffolk ewes to the treatment, not noted in other breeds (table  2) . One out of I0 Suffolk ewes in the treatment group lambed, whereas, six of 10 in the control group lambed.
The effect of heterosis on fertility was significant (P<0.05) which is consistent with results reported by Botkin and Paules (1965) and Fox and McArthur (1963) . The mean lambing percent for the purebred was 57.0 and for the crossbreds, 85.0. Of the total variance in fertility, heterosis accounted for 4.3 % indicating the effects of dominance may be small in relation to the total variance but important in overall influence. The Willamette breed had the best general combining ability of the three breeds. This may be due either to the relative recency of its establishment as a separate breed or to the lower relationship of the Willamette~ to the other two breeds. This may also account for the fertility of the Willamettes being nearly 30% higher than that of either of the other two breeds.
